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Abstract
With assistance from the Propulsion Research Center at the University of Alabama in
Huntsville (UAH), a LabView code was developed to provide active control of cold gas thrusters
on an air bearing system. The air bearing system is designed for evaluating a small-scale, low
cost satellite and launch vehicle components in support of the NASA Nanolaunch program. The
code is deployed on a LabVIEW myRIO controller and communicates wirelessly with a
graphical user interface running on a local computer. The code allows operators to remotely and
manually command pitch, thrust, and roll maneuvers of the supporting structure on the air
bearing. The primary objective of the project is to evaluate the NASA AMES Affordable
Vehicle Avionics system (AVA) which will be flight tested on a sounding rocket in the near
future. During air bearing testing, the LabView code will be used to perform a series of
maneuvers while AVA tracks the position of the structure. AVA will then be used to repeat the
maneuvers autonomously to verify functionality of the system in preparation for flight testing.
The thruster code was developed independently and then integrated into a master code that also
includes data collection from two 9-axis IMU's, two pressure transducers, and a myRIO onboard
3-axis accelerometer. Successful checkout testing of the code was conducted to validate the
code after integration. The system is now ready for AVA testing.

Introduction
Many government, industry, and academic groups are actively pursuing development of
small-scale satellites which, as the industry develops, have a wide variety of useful and practical
capabilities. However, launch costs for small scale satellites remains a limiting factor for many
of these groups. With the lack of a dedicated small-scale satellite launch vehicle, launch
opportunities for small scale satellites are limited and costs are typically high [I]. The need for a
small scale-specific launcher has become increasingly more prevalent in recent years.
Many organizations are working to develop dedicated small-scale satellite dedicated launch
vehicles. Unfortunately, a serious limiting cost associated with rocket launches are the complex
avionics systems required to launch a satellite to Low Earth Orbit. From [1], these systems
contain the necessary equipment "that steer and control the launch vehicle, control stage
separation, deploy payloads and telemeter data." These systems have typically been custom
designed for specific launch vehicles and a common more off-the-shelf option does not exist.
NASA AMES has been working to develop the Affordable Vehicle Avionics package as an
alternative avionics package for an array of space launch vehicles [1]. The AVA package
contains more commercially available components, which significantly reduces costs. While
significant ground testing of the AVA software and hardware has been completed, initial flight
testing was not successful. A secondary flight test has been planned for the fall of 2019. In
preparation for that flight test, NASA's Marshall Space Flight Center, located in Huntsville,
Alabama, intends to use the air bearing located at the Propulsion Research Center (PRC) as
means for demonstrating the capability of the Affordable Vehicle Avionics package (AVA).
The active air bearing system to be used for experimentation has been developed over the
course of a grant from NASA MSFC. It is currently located at the University of Alabama in
Huntsville's Propulsion Research Center (PRC). The upper portion of the system contains
control electronics, instrumentation, as well as four cold gas thrusters which can be controlled
independently to maneuver the air bearing. The system is designed so three degrees of freedom
can be controlled: roll, pitch, and yaw. A myRIO controller is the onboard computer which runs
on LabView software, both National Instruments products. The myRIO serves as both a data
logging device and a control device. Analog pins on the myRIO are connected to relays which
supply power to individual thrusters. Each of the six possible directions is set to a specific
thruster pair. When integrated with the AVA unit, the air bearing can be positioned by either the
myRIO, or by the AVA control unit.
Previous tests of with the air bearing used an automated control sequence to perform specific
pre-determined maneuvers. A set of commands was uploaded to the myRIO and the code was
executed. For the testing with AVA, a different testing methodology will be employed. The air
bearing will be positioned in a stationary state prior to the start of the test. The test requires
manual control of the air bearing to point to a specific location and the orientation of that
position will be recorded. The air bearing will be reset to a stationary position and AVA will be
provided the locational information and allowed to autonomously re-position the air bearing to
the same location. This approach will first confirm that the control system is capable of making
the maneuver and then confirm that AVA can use the same system to make an identical
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maneuver. Because previous testing has required manual maneuvering, a new code had to be
developed.

Active Air Bearing System
The air bearing system for experimentation is the result of work put forth from multiple
students over the past three years. At the heart of the system are two halves of the A-654 Plglide
hemispherical air bearing, each secured in one of the system's two main parts. The base is placed
on an aluminum pedestal and stands 3 feet tall, seen in Figure 1. The ball is bolted in the
undercarriage of the floating top of the system and is surrounded by an aluminum ring. The
system is assembled by carefully lifting the floating top onto the pedestal and aligning the ball
and base of the air bearing. The floating top also contains the electronics and physical control
aspects of the system including the thrusters and the two thruster nitrogen pressure vessels as
seen in Figure 2. The base of the air bearing is supplied a continuous flow of nitrogen at 40 psi
from a 300 SCF gas cylinder. This gas allows the ball of the air bearing to float in the base and
allows it to move relatively frictionless.

Figure 1: Air bearing
pedestal and base.

Figure 2: Air bearing floating
top.
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For the cold gas thrusters, two pressure vessels are manifolded together and attached to a
Tescom regulator. The nitrogen pressure is regulated from tank pressure to 150 psi and
connected to each of the four thrusters. The thrusters are mounted on the top plate of the air
bearing and are positioned at 90 degrees from each other with the line of thrust acting tangential
to the axis of rotation of the air bearing. Figure 3 shows a photograph of the top plate of the air
bearing with the thrusters labeled. In order to move the system in roll, pitch, and yaw in both
positive and negative directions, two specific thrusters must be fired simultaneously. The
required pair of thrusters for each maneuver is shown in Figure 4 where a table on the right side
of the figure indicates which thrusters should be commanded ON in order to produce the desired
movement.

Figure 3: Thruster position.

0 /

Thruster

Maneuver
1

Positive Roll

2 3 4
X
X

Negative Roll

X

Positive Pitch

X X

Negative Pitch
Positive Yaw
Negative Yaw

X
X X

X

X
X X

Figure 4: Thruster command sequence for air bearing maneuvers.
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The electronics for power, thruster control, and accelerometer data were originally designed
by the pervious sets of NASA interns over the course of two years. As such the wiring of these
systems had been developed organically, with little effort into efficient design. These electronics
were re-packaged during the summer of2019 in order to better restrain and protect the electronic
circuits.
A National Instruments myRIO is mounted to the floating top of the air bearing to serve as a
datalogger and as a controller for the thrusters. The myRIO is a Wi-Fi enabled data acquisition
device that contains a number of channels for analog I/0 and digital 1/0 which can run National
Instruments LabVIEW functionality. The myRIO is powered by two, four cell rechargeable
lithium batteries, also located on the floating top of the air bearing. When activated, the system
and the microcontroller communicate over Wi-Fi to a command station. In addition to powering
the myRIO, the lithium batteries provide the power source for the thrusters and other
instrumentation located on the air bearing.
Each thruster is assigned to an analog pin on either the A or B bus of the myRIO. When a
switch is flipped for a command, the my RIO sends 3.3 vols to the respective pins which fires the
two thrusters. The thrusters are mapped in the pinout diagram in Figure 5. When the switch is
flipped again, indicating the thruster to cease fire, the voltage is commanded from 3.3 V to O V.
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Figure 1: myRIO pinout [2].

Programming the myRIO
The myRIO is programmed using National Instruments LabVIEW software. The design
of the LabView software, unlike other languages and programs such as Matlab or Python, allows
programmers to code graphically instead of with traditional syntax. LabVIEW codes consists of
a graphical user interface front panel which contains user interactive elements like buttons,
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graphs, and numeric controls, and a back panel which contains a graphical depiction of the code
structure including while loops, case structures, and instrumentation blocks. Loops are
programmed and seen as drawn loops encompassing the commands and logic they contain.
If/Then logical statements have the programmer switch between case windows to input the
commands for each case. Boolean controls and indicators are seen on the GUI-like front panel of
the .vi file (similar to a script in a common language) and can be controlled by a user directly.

Approach 1: Case Structure
The first approach taken to create an active user control panel follows a simple logic by
updating the case structure state when a switch is flipped. Boolean switches are implemented
with corresponding indicator lights to visually alert a user to a switches state (true : false :: on :
off). These are individually connected to a corresponding Case Structure. In the true case, a true
constant is connected to the sub-VI designed for the specific direction, e.g. positive pitch, and a
myRIO Express VI intended to light a subset of the LEDs located on the myRIO case. The false
case attaches a false indicator to the sub-VI and the LED Express VI to output O V to the thruster
and turn off the LEDs. The sub-Vi's for thruster control were created by the former NASA
interns as part of the air bearing original system. While seemingly an efficient code, continued
use shows the six additional sub-VI' s needing to be first, properly located and implemented in
the control code and second, deployed to the myRIO creates unnecessary time and memory loss.
Figure 6 shows the back panel of the case structure code. All of the commands are contained in
one while loop that is set by a stop button. This provides a simple method to stop all operations
and exit the system without harming the program or electronics. Additionally, in the event of an
emergency, the system could quickly be shut down by the operator.

·Ci.I.·El

·-

rn. ··�

-

••

�

.

-·

lil

@·

f:j

II

.

....

c�

,_
. w.......id
-=
e!l
. � ""�'
.� ...
�

D

:1

:}�J

�

...
f:J
(i)

Li)

c�-

◄

�

.

E..&3,
D

Ill

-

.

�

II

.

�

I

. r�1
��

.

·�

Iii

J

C"---

[!1j

.

.

[��
•

ii;ilj
"aa,1

�

t

c�i
""'--

� u:i.
:- It -

t::.=-...=

@
ID

Iii

Figure 2: Case structure back panel.
This logic proved too simple to function properly. When using a multimeter to test the
voltage output on the analog pins, the voltage rapidly fluctuates between 3.3 and O V when a

6

switch is flipped to ON. All other aspects of the code functioned as expected but a constant
voltage fluctuation passed to a mechanical thruster would not create an effective method of
control. A case structure for each direction fails to perform as the program is giving two
commands to the same pin simultaneously. For example, positive pitch and negative yaw both
other directions are set false, commanding O Vbe sent to all pins. This conflict between
commands is the cause for the voltage fluctuation and therefore the approach's failure.

Approach 2: While Loops
Similar to the Case Structure approach, the second method encompasses all commands with a
while loop controlled by the stop button. This method is designed with the same concept as
before with one direction controlling a specific sub-VI but replaces the Boolean case structure
with while loops. Six individual while loops surround commands for the six directions and are
set to continue while the state of the switch is true. Again, the predefined sub-VI's for thruster
voltages and LED indicators are set to activate when the switch is flipped, as seen in Figure 7.
When probing the pins with a multimeter, a constant 3.3 Vis read.
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Figure 3: While loop back panel,
At first glance, this method appears to function as desired; however, when testing various
conceivable operation scenarios, it proves to have a potential, dangerous error. While it is not
useful to command the system to move in two directions, it is possible an operator may
unintentionally flip multiple switches on without shutting another off. When tested, the first
switch flipped allowed voltage to the pin but the second switch did not immediately activate the
indicator light or voltage. Once the first switch had returned to OFF, the second switch would
fire instantly, regardless of its current state. If the second switch had toggled at any point while
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the first switch was ON it would fire, disabling the control of the operator. This method relies on
the operator to ensure exactly one command be sent at a time, raising safety concerns.

Approach 3: Updating Array
The third method takes a different approach from the previous two. Figure 8 contains the
back panel for the code and on the far left all six directions and indicators are shown. The front
panel, the face of the control panel, is seen in Figure 9 and is what the operator interfaces with
during testing. The sub-Vi's have been removed from the code entirely. Instead of firing a
thruster set directly from a switch, an array for each of the four thrusters have been created to
determine if any of the directions mapped to a respective pin have been turned to ON. Figure 10
explains the method's logic with a flow diagram.

--

i�fi]-

,_ .

....

·[ii

4---- --. El
-W

.
.,

··-

m-F''irr,-ar=,t�=-�
I!)

ID

I

I

lP

@>

'II

Iii

Figure 4: Updating array back panel.
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Each of the four thruster arrays (n = 3) is initialized with a Boolean false statement. Using the
LabView function, Replace A"ay Subset, each of the elements in the array, as indicated by the
index value, is updated when the state of the switch changes from false to true or vice versa [4].
Each thruster is used for three different directions (refer to Figure 3 in section 2) and must fire if
only one of them is on. The thruster array, immediately updating with state changes, is passed to
the Or Array Elements function which sends "True" to the thruster's case structure if any of the
three elements in the thruster array are true. Alternatively, Or Array Elements sends "False" to
the case structure if all elements in the array are false [4]. The case structure then performs the
commands within based on the true or false value. If any switch is flipped indicating thruster one
to fire, pin A2 will receive 3.3 V and the LED O light on the myRIO will tum on. When the
switch is returned to OFF, 0 V are sent to the pin A2 and the LED O is set to false.
This method does allow the operator to attempt to fire two directions simultaneously;
however, this is no longer a safety concern as the operator will be aware of his or her mistake
immediately rather than unexpectedly firing thrusters. Removing the sub-VJ' s also reduces
excess and unnecessary code from the package, creating an elegant and efficient solution.
Finally, the direction switches are mapped to specific keys on the operating keyboard, shown in
Figure 11, for faster response time.

+Roll

+Yaw

; •YDW

Figure 7: Keyboard shortcut mapping.

Testing Results
The final development of the thruster code was integrated into a larger LabVIEW code which
additionally measured system pressures and accelerations from the onboard 3-axis accelerometer
and communicated over SPl to two separate 9 DOF JMU's. Lab VIEW allows for easy
integration of separate code modules into a single master code and is capable of running each
module in parallel during operation. The integrated master code was uploaded to the myRIO on
the air bearing and evaluated through quick check out tests. With the GUI running on the
command station laptop, test operators were able to fire the thrusters in the maneuvers desired
either using the front panel GUI or using the shortcut keys on the laptop keyboard. The response
time between a command and an action on the air bearing was almost immediate with no
detectible delay, and had no detectible impact on the data collection processes running in
parallel. The final control code iteration functioned for its intended purpose.

Future Work
While some preliminary testing has been conducted, use of the control panel to maneuver the
air bearing system to meet specific test objectives would further prove its capabilities.
Difficulties may arise when attempting to perfectly align the system as the control panel fires the
10

thrusters for continuous periods. It may prove to be useful to develop a way to toggle the
switches to allow for short bursts and therefore the ability to more finely position the air bearing.

Conclusion
The resulting control system of this project has been initially proven that it will fulfill the
needs and requirements of NASA for use with its active air bearing system. The final control
system's safety and efficiency are superior to the versions created by the author and previous
methods used by the NASA interns. The control panel is made available to all future operators of
the system. Gratitude is expressed to Dr. David Lineberry of UAH's Propulsion Research Center
for facility usage and LabView licensure and Dr. Johnathon Jones of NASA Marshall Space
Flight Center for the opportunity to contribute towards his team's efforts of preparing test
hardware for use with the AVA package.
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